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DISTRIBUTED POWER MANAGER

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of non-provisional U.S.

patent application Ser. No. 15/773,860 filed May 35, 2018,
entitled DISTRIBUTED POWER MANAGER, which 1s a
National Phase application of Patent Cooperation Treaty
International Application No. PCT/2016/062863 filed Nov.

18, 2016, entitled DISTRIBUTED POWER MANAGER,
which claimed the benefit of U.S. Provisional Application
No. 62/257,995 filed Nov. 20, 2015, enfitled DISTRIB-

UTED POWER MANAGER. The entire contents of the
above applications are incorporated herein 1n their entireties
by this reference.

1 COPYRIGHT NOTIC.

(L]

A portion of the disclosure of this patent document may
contain material that 1s subject to copyright protection. The
copyright owner has no objection to the facsimile reproduc-
tion by anyone of the patent document or the patent disclo-
sure, as 1t appears 1n the Patent and Trademark Oflice patent
files or records, but otherwise reserves all copyright rights
whatsoever. The following notice shall apply to this docu-
ment: Copyright ©, Protonex Technology Corp.

2 BACKGROUND OF THE INVENTION

2.1 Field of the Invention

The exemplary, illustrative, technology herein relates to
systems, software, and methods of a distributed DC power
network that includes a plurality of power nodes each
operable to connect an external power device to a common
power bus wherein each power node includes a digital data
processor and a communication intertace operable to receive
power from a power source or rechargeable DC battery or
deliver power to a power load or a rechargeable DC battery.

The technology herein has applications in the areas of DC

power distribution and allocation and to recharge recharge-
able DC batteries.

2.2 The Related Art: Centralized Power
Management

Conventional power management control systems use a
central data processor running an energy management
schema program to pole power devices connected to a
common power bus over a device port and to manage power
distribution to and from the power bus. Conventional power
managers usually operate the power bus with a fixed DC bus
voltage and provide DC to DC power converters disposed
between the power bus and the device ports. When an
external power device 1s operable at the fixed DC bus
voltage the power device 1s connected directly to the power
bus without the need for power conversion.

The central data processor runs an energy management
schema program operable to communicate with external DC
power devices connected to device ports over a communi-
cation interface and to determine the external device type,
1.e. DC power source, DC power load or rechargeable DC
battery, operating characteristics such as a voltage range, a
current range, power demand, battery State of Charge (SoC),
or the like. Based on the collected information the energy
management schema decides on a network configuration,
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connects external power devices to and disconnects external
power devices from the power bus, and distributes any
available mput power to one or more connected power loads
and or rechargeable DC batteries and in some operating
modes a rechargeable battery can be used as an input power
source. Examples of conventional portable DC power man-

agers are disclosed i U.S. Pat. No. 8,775,846 entitled
PORTABLE POWER MANAGER, 1n U.S. Pat. No. 8,638,
011 entitled POWER MANAGER OPERATING METH-
ODS, and i U.S. Pat. No. 8,333,619 entitled POWER
MANAGERS AND METHODS FOR OPERATING

POWER MANAGERS, all to Robinson et al. and all
assigned to Protonex Technology Corp. of Southborough
Mass.

While the example conventional power managers
described above provide the desired power distribution
characteristics, they each require that each external power
device be tethered to a central power manager module by a
different cable. This limits the spatial distribution of the
external power devices to the length of the cables and the
cables add weight to the overall power distribution network
which 1s undesirable because the power managers are car-
ried by infantry soldiers. Additionally because the example
conventional power managers only include a limited number
of device ports, the number of power devices usable by the
power device manager 1s limited by the number of ports.

To solve the above described problems of conventional
power managers, distributed power networks have been

described without cable connections such as 1n U.S. Pat. No.
6,476,581 entitled, METHODS FOR MAKING APPAREL

AND SENSOR COVERING WITH ENERGY CONVERT-
ING, STORING AND SUPPLYING CAPABILITIES AND
OTHER ELECTRICAL COMPONENTS INTEGRATED
THERFEIN, by Lew and 1n U.S. Pat. Appl. No. 20120007432
entitled, WEARABLE POWER MANAGEMENT SYS-
TEM by Rice et al. Both Lew and Rice disclose power
devices connected to a common power bus without using a
cable. While Lew describes a smart jacket that includes solar
cells connected to a power bus or grid distributing power to
rechargeable batteries and various sensor connected to the
power grid, the disclosure mainly describes collecting sen-
sor data rather than power distribution. Rice describes a
distributed power bus worn by a user and a plurality of
individual power management devices with each one dis-
posed between an external power device and the power bus.
Each power manager device includes a controller, a DC to
DC power converter, and voltage and current sensors, and 1s
operable to exchange power between the external device and
the power bus. However, one problem with the power
manager device disclosed by Rice 1s that 1t requires two DC
to DC power converters, one to convert input power and one
to convert output power, and this adds unnecessary weight
and complexity to the overall system.

3 BRIEF DESCRIPTION OF THE DRAWINGS

The features of the present invention will best be under-
stood from a detailed description of the invention and
example embodiments thereof selected for the purposes of
illustration and shown in the accompanying drawings in
which:

FIG. 1 depicts a schematic view of a non-limiting exem-
plary distributed power network according to the present
invention.

FIG. 2 depicts a schematic view of a non-limiting exem-
plary embodiment of control and communication elements
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of a power node connected between an external power
device and the power bus infrastructure of the present
invention.

FIG. 3 depicts a schematic view of a non-limiting exem-
plary distributed power node according to the present inven-
tion.

FIG. 5 depicts a schematic view of a non-limiting exem-
plary power bus according to the present invention.

FIG. 4 depicts a schematic view of a non-limiting exem-
plary configuration of a distributed power network accord-
ing to the present invention.

FIG. 6 depicts a schematic view of a non-limiting exem-

plary communication bus according to the present invention.

FIG. 7 depicts a schematic view of a non-limiting exem-
plary combined power and communication bus according to
the present mnvention.

4 DESCRIPTION OF SOME EMBODIMENTS OF
THE INVENTION

4.1 Definitions

The following definitions are used throughout, unless
specifically indicated otherwise:

TERM DEFINITION

External Power A DC power load, a DC power source, or a

Device rechargeable DC battery.

Power Node A controllable element disposed between a power bus
infrastructure and an external power device at least
operable to connect the external power device to the
power bus or to disconnect the external power device
from the power bus.

Bus Power Port  An electrical interface provided to electrically interface
a power node to a power bus.

Device Power An electrical interface provided to electrically interface

Port an external power device to a power node.

Energy An energy management schema includes various
Management programs, firmware algorithms, and policy elements
Schema operating on a digital data processor to receirve mput

power 1nto a power management network from one or
more input ports and to distribute output to external
power devices connected to one or more output poits.

4.2 Item Number List

The following 1tem numbers are used throughout, unless
specifically indicated otherwise.

# DESCRIPTION
100 Distributed power network
21a Device power port
22a Device power port
23a Device power port
21b Bus power port
22b Bus power port
23b Bus power port
101 Output power node
102 Bus compatible power node
103 Input power node
110 Power bus infrastructure
111 Controllable switch
112 Controllable switch
113 Controllable switch
120 Communication network
131 Local controller
132 Local controller
133 Local controller
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141
143
151
152
153
1 80
200
205
210
215
220
225
230
235
240
245
247
250

255
260

205
267
270

275

410
450
455
510
520
610
620
710

720

4

-continued

DESCRIPTION

Output power converter
Input power converter
Power channel
Power channel
Power channel
Power bus battery

Control mfrastructure

Power node

Power bus infrastructure
External power device

Bus power port

Device power port

Power channel

DC to DC power converter
Digital data processor

Node memory module

Node battery

Node communication interface

module
Node communication channel
External communication

interface device

Switch module

External digital data processor
External communication
channel

Network communication
channel

External power element
External power channel
External memory module
Power sensor

Universal power node
Power device port

Power bus port
Controllable switch 1

Controllable switch 2
Controllable switch 3
Controllable switch 4

Universal power node controller
Controllable power converter
Power converter input side
Power converter output side
Two-way power channel
Two-way power channel
Two-way power channel
One-way power channel
One-way power channel
Two-way power channel
Two-way power channel
Two-way power channel
Universal power node battery
Distributed power network
Power device port

Power bus port

Power device port

Power bus port

Power device port

Power bus port

Combined power and
communication nirastructure
Node point

Power source

Power load

Power bus infrastructure
Conductive pathways
Communication network
Conductive pathways
Combined power and
communication mfrastructure
Node point
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4.3 Exemplary System Architecture

4.3.1 Exemplary Distributed Power Management Net-
work

Referring to FIG. 1, a schematic diagram of a first
exemplary non-limiting embodiment of the present inven-
tion depicts a distributed power network (100). The distrib-
uted power network (100) includes a power bus inifrastruc-
ture (110) extending over a region and a communication
network (120). The power bus inirastructure (110) includes
power distribution architecture such as a common power bus
or electrical conductor, or logical overlays equivalent to a
common power bus. The power bus infrastructure (110) 1s
one or more interconnected conductive pathways provided
to electrically interface with a plurality of external power
devices 1n a manner that allows power to be received from
or delivered to any external power device. Each external

power device mterfaces to the power bus infrastructure over
a power node (101), (102), (103) which includes power
control and communication elements. The control elements
at least include a switch operable to connect or disconnect
the external power device to the power bus infrastructure.
The communication elements are operable to communicate
with an external power device connected to the power node
and with other power nodes.

In a non-limited exemplary embodiment the power bus
infrastructure (110) comprises one or more wire pairs, or
other conductive structures formed by two conductors that
form a current carrying circuit disposed over a region.
Alternately the power bus infrastructure may include an
array ol interconnected wire pairs or may comprise a cable
harness having a plurality of node connection points. Ideally
the power bus infrastructure (110) can be electrically inter-
taced with a power node (101, 102, 103) at any convenient
locations that allow power nodes to be added or removed
anywhere over the region covered by the power bus inira-
structure. Alternately the power bus infrastructure 1s con-
figured with a plurality of attachment points or power bus
ports (21b, 22b, 23b) at fixed locations. t

The distributed power network (100) includes a plurality
of power nodes (101), (102), and (103). Each power node 1s
clectrically intertaced to the power bus infrastructure (110)
over a bus power port (21b), (22b), (23b). The bus ports
(215, 225, 23b) may be entirely associated with the power
bus infrastructure (110), entirely associated with the power
node mirastructure (101, 102, 103) or partially provided on
the power bus infrastructure (110) and partially provided on
the power node (101, 102, 103).

Each power node (101) (102) and (103) includes a device
power port (21a) (22a) and (23a) provided to electrically
interface with an external power device. The device power
ports (21a, 22a, 23a) may be entirely associated with the
power nodes (101, 102, 103), entirely associated with the
external power device (215) or may be partially provided on
the power node and partially provided on the external power
device.

Each power node (101), (102) and (103) includes a digital
data processor or the like running an energy management
schema capable of performing various logical operations
such as operating various control elements provided on the
power node and communicating with connected external
power devices and with outer power nodes. Each power
node (101), (102) and (103) includes a commumnication
interface device e.g. a network interface device operable to
establish a communication network (120) that includes other
power nodes and to exchange command and control signals
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and data with all other power nodes associated with the
distributed power network (100).

Communication network (120) includes communication
network infrastructure operable to interconnect each power
node with each other power node wherein each power node
also becomes a node of the communication network (120) so
that all the power nodes can communicate with each other
using a single network protocol. Alternately a power node
may include a network protocol conversion module or may
include multiple network interface devices each having a
different network interface capability. The power node
device configuration 1s preferably operable to establish a
peer-to-peer network with every other power node in the
distributed power network (100) and to communicate with
other power nodes as peers. Communication network (120)
embodiments may include a wireless network based on any

one of the IEEE 802.11 Wireless Local Area Network
(WLAN) protocols which include Wi-Fi1, Bluetooth, or any
one of the IEEE 802.11 WLAN protocols Communication
network (120) embodiments may also include a wired
network infrastructure such as any one of the IEEE 802.3
wired Local Area Networks (LAN) protocols which include
Ethernet and Power over Ethernet (PoE) or the Universal
Serial Bus (USB) protocol which also provides a Power over
USB option. In this case, each power node (101) (102) and
(103) includes a network interface device operable to com-
municate with other network nodes over an over an IEEE
802.3 LAN protocol when the power nodes are intercon-
nected by a wired communication network structure.

The power bus infrastructure (110) 1s configured to
include a plurality of power device connection points or
power bus ports (21b), (225), (23b). Each power bus port 1s
operable to electrically interface a power node (101) with
the power bus inirastructure (110). Each power node (101,
102, 103) 1s electrically interfaced with an external power
device (2135) over a device power port (21a, 22a, 23a).
Additionally each power node includes at least one network
interface device (2350) 1n communication with a local con-
troller (131), (132), (133) (240) wherein the network inter-
face 1s operable to provide communicate between the power
node 1t 1s operating on and every other power node associ-
ated with the distributed power network (100) over com-
munications network (120).

In a preferred operating mode the power bus 1nfrastruc-
ture (110) has an operating voltage range wherein the
operating voltage range 1s centered on a nominal fixed
voltage. Generally the nominal fixed voltage 1s matched to
an operating voltage of external power devices that are most
likely to be managed by the power distribution network
(100). In one example embodiment wherein the distributed
power network operates 1n a 12-volt DC environment such
as 1n an automobile of other vessel that includes a 12-volt
power generating system and utilizes 12-volt rechargeable
DC battery to store energy, the power bus inirastructure
(110) has an operating voltage range that 1s centered around
12 volts DC. In other operating environments, €.g. where
most devices that will be connected to the power distribution
network have an operating voltage range centered at 48 volts
DC, the power bus infrastructure (110) has an operating
voltage range that 1s also centered around 48 volts DC.
However, as will be described below, some power nodes
include DC to DC voltage converters that can be used to
power external devices or receive power from external
power sources that can only operate over a non-bus-com-
patible voltage range.

Each power node (101), (102), and (103) includes a local
controller (131), (132), (133) that includes a programmable
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logic device operating an energy management schema pro-
gram and carrying out logical operations such as commu-
nicating with other logic devices, managing a memory
module to store and recall data, reading sensor signals from
power sensors, and operating control devices such switches,
a DC to DC power converter, or the like.

Referring to FIG. 2, an exemplary control infrastructure
(200) 1s shown schematically. The control infrastructure
incudes a power node (205) connected between the power
bus infrastructure (210) and an external power device (2135).
The power node includes bus power port (220) and device
power port (225) which are electrically interconnected by a
power node power channel (230). A DC to DC power
converter (235) 1s disposed along the power node power
channel (230) between the device ports, unless the power
node does not include a DC to DC power converter, as 1s the
case with power node (102) shown 1n FIG. 1.

Each power node controller e.g. (131, 132, 133) includes
a digital data processor (240), a memory module (245) and
a node communication interface (250). A power node (205)
can include an optional node battery (247). If present, the
node battery (247) provides power to the digital data pro-
cessor (240). The memory module and node communication
interface are each in communication with the digital data
processor (240) and may be incorporated therein. A node
communication channel (255) extends from the node com-
munication interface (250) to the device power port (225)
for communicating with the external power device (215).

The node power channel (230) includes switching module
(265) disposed along the power channel (230) between the
bus power port (220) and the device power port (225). The
switching module (265) 1s controllable by the digital data
processor (240) to open or close the switching module (265)
as required to either connect the power node (205) to the
power bus infrastructure (210) when the switching module
(265) 1s closed or to disconnect the power node (205) from
the power bus inirastructure (110) when the switch module
(265) 1s opened. A power sensor (295) 1s optionally disposed
along the node power channel (230) between the switching
module (265) and the device power port (225) to sense
voltage amplitude, current amplitude or power amplitude
and communicate a sensor signal to the digital data proces-
sor (240).

Each device power port (225) includes a node communi-
cation channel (255) mm communication with the digital
device processor (240) over the communication interface
(250) to communicate with the external power device (215).
The node communication channel (270) may comprise a
one-wire 1dentification interface configured to enable the
digital data processor (240) to query a connected external
power device (215) for power characteristics information. In
some embodiments, a network communication channel
(275) extends between the communication interface device
(250) and the power bus port (220) when the power bus
infrastructure (210) also includes a wire communication
infrastructure usable to communicate with other power
nodes.

Each external power device (215) includes an external
power element (280) connected to the device power port
(225) over an external power channel (285). The external
power clement (280) 1s a power load, a power source, or an
energy storage element, e¢.g. an electrochemical recharge-
able DC battery. The external power device (215) at least
includes an external memory module (290) interfaced with
the device power port (225) by an external communication
channel (270) over an external communication interface
device (260). Additionally the external power device may
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include an external digital data processor (267) 1n commu-
nication with the external memory module (290) and the
external communication interface device (260). Typically
the external power device memory module (290) stores
characteristics of the power element (280) such as device
type, operating voltage range, and specific information about
power demand and or power availability. The power char-
acteristics may further include instantaneous power demand
of a power load, mstantaneous mput power amplitude of a
power source and State of Charge (SoC) and energy storage
capacity of a rechargeable DC battery. Other power charac-
teristics may include device ID, power priority setting, high
and low current limaits, battery charging profile information,
use logs, or the like.

According to the present invention the control function of
the distributed power network (100) 1s not centralized but
instead 1s distributed over all of the active power nodes
operating on the distributed power network. Moreover an
unlimited number of active power nodes can be added to the
distributed power network without changing the control
aspects of the distributed power network. Thus all of the
local controllers (131), (132), (132) operate to collectively
and simultaneously control power distribution over the
distributed power network (100) even as the configuration of
the network changes e.g. by adding or removing power
nodes and connecting or disconnecting external power
devices or when the instantaneous input power and instan-
taneous load demand temporarilly vary. In one example
operating mode a single digital data processor (240) oper-
ating on a power node (205) 1s operable as a master
controller with the remaining node processors (240) oper-
ating as slave controllers.

Referring to FIG. 1, a distributed power network (100)
includes three types of power nodes: input power node
(103), bus compatible power node (102), and output power
node (101).

Input power node (103) 1s used to convert the voltage of
an mmput power source mput from a non-bus compatible
voltage to a bus compatible voltage. Input power node (103 )
includes local controller (133) which 1s configured as shown
in FIG. 2. Input power node (103) includes device power
port (23a) which 1s electrically interfaced to an external
power source. Device power port (23a) for electrically
interfacing with an internal power source, and bus power
port (23b) for electrically interfacing with the power bus
inirastructure (110) and a power channel (153) connecting
the device ports (23a) and (23b). Power channel (153)
includes controllable switch (113) and input power converter
(143). Controllable switch (113) 1s operable to connect the
power channel (153) to or disconnect the power channel
from power bus inirastructure (110) to operatively connect
or disconnect the external power source connected to device
port (23a) to power bus infrastructure (110). Input power
converter (143) 1s operable to step up or step down the
incoming voltage to a voltage that 1s compatible with power
bus infrastructure (110). Local controller (133) 1s operable to
provide control signals to controllable switch (113) and to
input power converter (143) and to communicate with other
power nodes (101, 102) to broadcast its state information,
the power characteristics of the connected mput power
source and the instantaneous mput power available there-
from.

Local controller (133) of mnput power node (103) 1s able
to run Maximum Power Point Tracking (MPPT) algorithms
usable to convert mput power from unstable mput power
sources (e.g. having time varying input power amplitude) to
usable power having a substantially constant voltage that 1s



US 11,355,928 B2

9

compatible with the main power bus. The operating voltage
range of the input power source can be determined either by
communicating with the mput power source or may be
inferred from sensor signal feedback. Once the mput voltage
range 1s determined the local controller (133) provides set
points to the DC to DC power converter (143) to match the
incoming voltage to the bus compatible operating voltage.
Additionally the DC to DC power converter 1s operable to
modulate input current amplitude between substantially zero
throughput and full throughput. Thus the local controller
(133) 1s operable to monitor iput power amplitude at the
power sensor (295) and to modulate power output amplitude
by varying current amplitude at the DC to DC power
converter (143).

Bus compatible power node (102) 1s used to any connect
external power devices that have a bus compatible operating
voltage range to the power bus infrastructure. Bus compat-
ible power node (102) includes a local controller (132) as
shown 1n FIG. 2. Bus compatible power node (102) includes
two-way power channel (152) extending from device power
port (22a) to bus power port (225). Bus power port (22b) 1s
clectrically interfaced to power bus infrastructure (110).
Controllable switch (112) 1s disposed along power channel
(152). Controllable switch (112) i1s operable to connect or
disconnect power channel (152) to power bus infrastructure
(110) to operably connect or disconnect an external power
device to power bus infrastructure (110). Local controller
(132) 1s operable to provide control signals to controllable
switch (112).

Output power node (101) 1s used to connect a power load
or rechargeable battery having a non-bus-compatible oper-
ating voltage range to power bus infrastructure (110). Output
power node (101) includes local controller (131) shown in
FIG. 2. Output power node (101) includes device power port
(21a) to electrically interface with an external power load or
rechargeable DC battery. Device power port (21a) 1s elec-
trically connected to bus power port (21b) over power
channel (151). Bus power port (215) electrically interfaces
to power bus infrastructure (110). Power channel (151)
includes controllable switch (111) and output power con-
verter (143) disposed along power channel (151). The con-
trollable switch (111) and the output power converter (141)
are each operably controlled by the local controller (131).
Controllable switch (111) 1s operable to connect the power
node to or disconnect the power node from the power bus
inirastructure (110) to operatively connect or disconnect the
external power load or rechargeable DC battery to power bus
inirastructure (110). Output power converter (141) 1s oper-
able by the local controller (131) to step up or step down the
voltage of an instantaneous power signal recerved from the
power bus inirastructure to a voltage that 1s compatible with
the operating voltage range of the connected power load or
rechargeable battery. Local controller (131) 1s operable to
provide control signals to controllable switch (111) and to
output power converter (141).

The exemplary, non-limiting distributed power network
(100) 1llustrated in FIGS. 1 and 2 includes three power nodes
(101), (102), and (103). More generally, a distributed power
network according to the present invention includes at least
two power nodes and can include unlimited additional
power nodes disposed over the available power bus inira-
structure and can distribute the mnput power to the connected
power loads. In a preferred embodiment, the power bus
infrastructure (110) includes a plurality of bus power port
(220) locations where power nodes (200) can be easily
connected to or disconnected from the power bus infrastruc-
ture (210) at desired locations as needed. By way of general
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example, the DC power bus infrastructure (210) may extend
over a building or a vehicle, e.g. and air or water craft, with

bus power ports (220) located at places where a user may
need to recharge a DC battery of a smart phone computer or
other electronic device or to directly power a DC power load
such as a battery operated power tool, radio, mstrument or
the like. In another example the DC power bus infrastructure
(210) may extend over a garment worn by a user wherein the
bus power ports (220) are located at places where a user may
need to power or recharge the batteries of various user worn
devices such as night vision goggles, a heads up helmet
display, a portable radio, a GPS navigation device, a watch,
a data tracking device, or the like.

4.4 Method of Operation of Exemplary Distributed
Power Management Network

In order to practically implement the distributed power
network (100) a communications and control scheme 1s

established. The communications method allows any power
node (101), (102), (103) to communicate with any other
power node over communication network (120). Commu-
nication between power nodes 1s implemented using a
peer-to-peer communications method such as UDP or TCP
over Bthernet or wireless network, other peer to peer, or
other one-to-many network communication techniques. At
least two power nodes (e.g., nodes 101, 102, 103) are
operably connected to power bus infrastructure (110), one
connected to a DC power source, which may be a recharge-
able DC battery, and another connected to a DC power load,
which may also be a rechargeable DC battery. Otherwise the
number of connected nodes 1s unlimited. Each active power
node 1s electrically interfaced with an external power device
operably connected to the power bus infrastructure (210).
Each power node queries its connected external power
device (215) to determine characteristics of the connected
power device. The characteristics at least include a device
type and an operating voltage. Other characteristics include
peak and average power demand from power loads, avail-
able input power from power sources, SoC and storage
capacity from rechargeable DC batteries, and the like. Addi-
tionally external device characteristics may include priority
values usable to assign a power priority and a source priority
to each external power device. Each power node (205)
further establishes communications with each other power
node over communications network (120). The power nodes
exchange the characteristics of all connected external power
devices (215) over communication network (120) to estab-
lish an instantancous network configuration. An energy
management schema program operating on every one of the
power node data processors (240) independently determines
which external power sources to connect to the power bus
infrastructure, which power loads to connect to the power
bus infrastructure and which external rechargeable DC bat-
teries to connect to the power bus to charge and or discharge.
Additionally each energy management schema instance con-
figures 1its local power converter (235), if so equipped, to
perform any necessary power conversions and 1if all of
energy management instances agree each energy manage-
ment schema instance takes whatever local action that 1s
required to implement an energy distribution plan. Each
power node 1s capable ol implementing at least two forms of
control: local control; and network control. Local control
does not aflect operation of the network and 1s not affected
by the network. Examples of local control include imple-
mentation of safeties, minimums, and maximums 1mposed
cither by the power node hardware or the local external
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power device hardware. Network control includes each
power node running the same power management schema
using the same network configuration information and com-
municating with other power nodes to share a power distri-
bution plan based on the current network configuration; and
implementing that plan when all of the power nodes agree.
Therealter a power node will affect 1ts own operation using
the shared information to implement the plan locally.

As a general rule; external power loads are either allo-
cated the full power demanded thereby; when available.
However when a power load cannot be allocated the full
power allotment, 1t 1s disconnected from the power bus
infrastructure. As a further general rule: each rechargeable
DC battery 1s selected either as a power source from which
stored energy 1s drawn to power other external power
devices, or as an energy storage device 1n which case the
battery 1s charged. However unlike power loads, recharge-
able DC batteries are charged without allocating full charg-
ing power. In other words rechargeable batteries are charged
with whatever level of power amplitude 1s available, as long
as the available power does not exceed the batteries” maxi-
mum charging rate. Thus the energy management schema
operates to power as many power loads with the maximum
power allocation as can be powered with the available input
power and 11 there 1s any power left over, the left over power
used to charge rechargeable batteries. Additionally when
insuilicient mput power 1s available to power high priority
power loads, power may be discharged from one or more
rechargeable DC batteries 1n order to power the high priority
power loads. The process of characterizing the network
configuration and distributing power 1s repeated every 20 to
100 msec. Additionally the process of characterizing the
network configuration and distributing power 1s repeated
every time there 1s a change 1n the network configuration,
such as when an external power device 1s added to or
removed from the distributed power network (100).

In an exemplary implementation, each of a plurality of
external power devices (215) 1s electrically interfaced to a
power node (205) and the power node 1s electrically inter-
faced to the power bus infrastructure (210). The local data
processor (240) of each of the power nodes (205) determines
the power characteristics of the local external power device
connected thereto.

Each power node communicates with each other power
node to share information about 1its local environment. This
includes sharing power characteristics of all the external
power devices connected to the power distribution network
including, device type, operating voltage, and other specific
power characteristics of the external power device as well as
sharing characteristics of the power node itsellf such as
power converter current and voltage limits, or the like.

Each local data processor (240) then operates the energy
management schema operating thereon to determine a con-
figuration of the distributed power network. The configura-
tion includes local and network wide information about
every external power device (215) and every power node
(205) such as the mstantaneous power demand and operating
voltage of all external power loads, the instantaneous power
available and operating voltage of all external power
sources, the total power required to allocated to network
inirastructure to operate electrical components such as data
processors (240) and DC to DC power converters (235), the
state of charge of all external rechargeable DC batteries, the
state of every controllable switch (263) and the set point of
every power converter (235).

The local data processor (240) of each power node (2135)

of distributed power network (100) then run the energy
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management schema to compute the elements of control for
itself as well as the elements of control for all other power
nodes on the network (100). Since all power nodes include
the same energy management schema and the same infor-
mation, each power node (205) can determine the elements
of control for 1tself and for each of the other power nodes,
and act accordingly.

If any power node does not see any other power node
perform the same action that 1s predicted for that power
node, or if the any power node 1s unable to observe the
actions ol one or more other power nodes, the power node
will shut itself down as a safety. Because all power nodes are
able to see all other power nodes’ behavior, when one power
node shuts down, all power nodes will shut down to a safe
mode. This method of watching every other power node’s
behavior, and responding with a safe condition if the pre-
dictions are not implemented, enables a system fail safe.

Additional power nodes can be added to the power bus
architecture and power nodes can be removed from the
power bus architecture. As power nodes are added to the
power bus architecture, they establish communications with
other power nodes connected to the power bus architecture
and join the distributed power network. Information 1is
exchanged among the new set of power nodes and a new
power network configuration 1s calculated by each power
node. Each additional power node enables an additional
power source, power load, or battery to be added to the
distributed power network. If one or more power nodes
leave the distributed power network, the remaining power
nodes exchange information and reconfigure the power
network according to the energy management schema and
information about the remaining power nodes and power
devices.

4.4.1 Synchronization and Management of Exemplary
Power Management Network

Each power node (101), (102), (103) includes a unique
Node ID. Node ID may be assigned or may be inherently
included as a characteristic of each power node. Exemplary
unique Node ID includes media address or serial number
assigned to or inherently included as a characteristic of a
power node.

Communication among nodes 1s coordinated using a
heartbeat. The heartbeat 1s a timing signal used to coordinate
network communications. The heartbeat signal 1s generated
by a single heartbeat power node. The heartbeat power node
1s elected from among the power nodes connected to the
distributed power network using a voting strategy that 1s
implemented by the power nodes of the power network
(100). Exemplary voting strategies include electing the
power node with the highest, lowest, or other serial number
to create the heartbeat. The heartbeat signal 1s communi-
cated as a communications message over communication
network (120) from the heartbeat power node to each other
power nodes of distributed power network (100).

When a power node (e.g., 102) joins distributed power
network (100), the new power node connects to communi-
cation network (120) and attempts to detect a heartbeat
signal. If the new power node does not detect a heartbeat
signal, the new node becomes the heartbeat power node and
generates a heartbeat signal. If the new node (102) detects a
heartbeat, the new node establishes peer-to-peer communi-
cation with each of the other power nodes (e.g., 101, 103).
The power nodes of distributed power network (100),
including the new (102) node and previously connected
nodes (101) and (103), implement a voting strategy to select
the heartbeat power node. The voting strategy to select the
heartbeat power node 1s repeated when a new node joins the
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distributed power network and when one or more network
power nodes fail to detect a heartbeat signal. Failure to
detect a heartbeat may occur, for example, if the currently
clected heartbeat power node leaves the distributed power
network.

The heartbeat power node causes all other power nodes to
synchronize to the heartbeat. Because any power node can
be elected to become the heartbeat power node and generate
the heartbeat signal, there 1s complete n for n redundancy in
the system.

Each power node will perform a complete power man-
agement cycle within 6 heartbeats. Power management
sub-tasks are linked to heartbeats within each cycle. Table 1
includes a list of six heartbeats (numbered 0 through 5) with
exemplary sub-tasks associated with each heartbeat.

TABLE 1
Heartbeat Sub-tasks

0 Reserved: Information 1s exchanged among power nodes

1 Fach power node performs power network calculations

2 Connect power sources and batteries to power bus
infrastructure in priority order

3 3a. Remove extra power from power bus infrastructure in
priority order from lowest priority to highest priorty
3b. Shed loads, if needed, from power bus infrastructure
in priority order from lowest priority to highest priority
3c. Slow down battery charge in priority order from
lowest priority to highest priority

4 4a. Connect loads to power bus infrastructure.
4b. Connect batteries to be charged to power bus
infrastructure

5 Connect unstable power sources to power bus

infrastructure if needed

In general, information 1s exchanged first, calculations are
performed second, power sources are connected next, excess
power 1s removed, and finally power loads and unstable
power sources are managed.

4.4.2 Universal Power Node

Referring now to FIGS. 2 and 3 a universal power node
(300) 1s usable as any one of an input power node with input
voltage conversion, an output power node with output
voltage conversion and a bus compatible power node usable
as an mput power node, or an output power node without
voltage conversion. Universal power node (300) includes
power converting hardware and power channel circuitry that
1s configurable to enable universal power node (300) to
perform power device connection and power signal control
functions of each of the mput power node (103), the output
power node (101), and the bus compatible power node (102)
shown 1 FIG. 1 and described above. Additionally the
universal power node controller (330) 1s shown schemati-
cally in FIG. 2. Thus, a distributed power network can be
established, configured, and maintained using multiple
instances of umversal power node (300), each instance
including eflectively 1dentical components.

Universal power node (300) includes power device port
(30a) which 1s electrically interfaced to an external power
device and power bus port (305) which 1s electrically
interfaced to a power bus architecture such as, for example,
power bus architecture (110). Power device port (30a)
includes a reconfigurable power channel, described below
that extends between the device power port (30a) and the
power bus port (305) to enable transfer of power between a
connected external power device, e.g. (215), and the power
bus infrastructure, e.g. (210). Power device port (30a) also
includes power node communication channel (255) to
enable communications between a digital data processor
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(240) operating on the universal power node (300) and a
connected power device e.g. (2135). A second communica-
tion channel, e.g. (275) optionally extends from the digital
data processor (215) to the bus power port (305) to enable
wired communication between universal power node (300)
and other power nodes over a wired communication network
provided as part of the power bus infrastructure (210).
Optionally the universal controller (330) 1s configured to
communicate with other umiversal controllers using a wire-
less network interface.

Universal power node (300) includes universal power
node controller (330) which 1s configured as shown 1n FIG.
2. Unmiversal power node (300) can also include a one-wire
identification interface to the device power port (30a).

Universal power node (300) can include optional power
node battery (360), (247). Power node battery (360) (247) 1s
a rechargeable battery that can be charged when universal
power node (300) 1s operably connected to a power bus
architecture, to a power source, or to an external battery, e.g.
associated with the power bus infrastructure, capable of
providing charge. Power node battery (360) (247) provides
power to universal controller (330), enabling the functioning
of universal power node (300), when universal power node
(300) 1s operably connected to a power bus architecture
without external power supply, 1.e. when the power bus
architecture 1s not powered and when power device port
(30a) 1s connected to a power load or to an external battery
that does not supply power to umversal power node, e.g., an
insuiliciently charged external battery.

Universal power node (300) further includes a control-
lable DC to DC voltage or power converter (340) disposed
along a reconfigurable power channel that extends between
power device port (30a) and power bus port (305). In the
present exemplary, non-limiting, embodiment, DC to DC
power converter (340) 1s a one-way DC to DC power
converter having an input side (341) and an output side
(342). An mput power signal enters power converter (340)
at mput side (341). An output power signal exits power
converter (340) at output side (342). The power converter
(340) can be configured to convert the voltage of an input
power signal to a different output voltage of an output power
signal and to modulate the current amplitude of the output
power signal. The DC to DC power conversion 1s controlled
by the controller (330) which determines the mput power
signal voltage either by communicating the a connected
power source or determining instantancous mput voltage
from a sensor signal from the power sensor (295).

Universal power node (300) includes power control cir-
cuitry comprising four controllable switches (311), (312),
(313), and (314). Universal controller (330) 1s in commu-
nication with each controllable switch and i1s operable to
send control signals to each switch. In an exemplary
embodiment, controllable switches (311), (312), (313), and
(314) are single pole single throw type. Alternatively, the
switches can be implemented with multiple throws or mul-
tiple poles. Each controllable switch (311), (312), (313), and
(314) can be toggled to an open (ofl) position, to prevent
current tlow across the switch or toggled to a closed (on)
position to allow current tlow across the switch. The con-
figuration of each switch 1s responsive to control signals
received from the universal controller.

Universal power node (300) power control circuitry
includes a reconfigurable power channel that includes mul-
tiple power channels. Two-way (bidirectional) power chan-
nels are indicated by solid double-headed arrows and one-
way power channels are indicated by solid single headed
arrows. Power device port (30a), power bus port (305),
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switches (311), (312), (313), (314) and power converter
(340) are interconnected by the reconfigurable power chan-
nel. Unmiversal power node (300) power control circuitry 1s
configurable to transfer power signals between power device
port (30a) and power bus port (305) 1n either direction (1.e.,
from power device port (30a) to power bus port (305) or
from bus port (30b) to power device port (30a)) with or
without power conversion by configuring the state of each of

the controllable switches (311), (312), (313), (314) and the
state of the DC to DC power converter (340) in patterns of
open and closed positions which are set forth 1n Table 2.

Universal power node (300) can be configured as an input
power node, by closing switches (311) and (314) and open-
ing switches (312) and (313). In this case an mput power
signal received from an external power source connected to
the device power port (30a) 1s directed to the mmput side
(341) of the DC to DC power converter (340). The DC to DC
power converter 1s configured to perform whatever voltage
conversion 1s required to convert the input power signal to
a bus compatible voltage and the converted input power
signal passed to the bus power port (305) to the power bus
inirastructure. Additionally 11 needed, the DC to DC power
converter can be operated to modulate the current amplitude
of the mput power signal being voltage converted.

Universal power node (300) can be configured to a
bus-compatible power node, by opening switches (311) and
(312) and closing switches (313) and (314). In this case an
input power signal received from an external power source
connected to the device power port (30a) 1s directed to the
power bus port (30b) without power conversion. Likewise
when an external power load or rechargeable DC battery 1s
connected to the device power port (30a) an output power
signal received from the power bus infrastructure (210) 1s
directed to device power port (30a) without power conver-
S101.

Universal power node (300) can be configured as an
output power node, by opeming switches (311) and (314) and

closing switches (312) and (313). In this case an output
power signal received from the power bus infrastructure
(210) 1s directed to the mput side (341) of the DC to DC
power converter. The DC to DC power converter 1s config-
ured to perform whatever voltage conversion 1s required to
convert the output power signal to a voltage that 1s compat-
ible with powering a non-bus compatible load or recharge-
able DC battery connected to the device power port (30a).
Additionally 11 needed, the DC to DC power converter can
be operated to module current amplitude of the output power
signal being voltage converted.

Table 2 includes configuration of the controllable
switches and of power converter (340) that corresponding
universal power node configuration.

TABLE 2

Universal power node

configuration Power control element Configuration

Input Node Switch 1 (311) Closed
Switch 2 (312) Open
Switch 3 (313) Open
Switch 4 (314) Closed
Power converter (340) On

Bus compatible node Switch 1 (311) Open
Switch 2 (312) Open
Switch 3 (313) Closed
Switch 4 (314) Closed
Power converter (340) Off
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TABLE 2-continued

Universal power node

configuration Power control element Configuration

Output Node Switch 1 (311) Open
Switch 2 (312) Closed
Switch 3 (313) Closed
Switch 4 (314) Open
Power converter (340) On

4.43 Exemplary Distributed Power Management Net-
work Comprising Universal Power Nodes

Retferring to FIG. 4, an exemplary distributed power
management network (400) comprising multiple universal
power nodes (1), (2), (3) 1s illustrated. Each power node (1,
2, 3) may comprise any one of the nodes (101, 102, 103) or
the universal node (300) described above. Each node (1, 2,
3) includes node control elements substantially as shown 1n
FIG. 2 and or as described above.

Referring to FIG. 5-7, combined power and communica-
tion infrastructure (710) includes a power bus infrastructure
(510) and a wired communication network (610) disposed
over a region. The power bus infrastructure (5310) includes a
plurality of conductive pathways (520) configured to carry
clectric current between a plurality of node points (720)
wherein each node point (720) provides a location where
any power bus node such as (215, 225, 235, 3056 220) can be
clectrically interfaced to the power bus infrastructure (510)
at a node pomnt (720). More specifically the power bus
inirastructure (510) 1s configured to electrically interconnect
cach node point (720) with each other node point (720) with
a power channel. The power channel (520) may comprise a
pair or pairs of conductive elements, e.g. a positive plate and
negative plate, or a grid of paired wires, or a loop of paired
wires, or the like.

Similarly, the wired communication network (610)
includes a plurality of conductive pathways (620) configured
to carry a communication signal between node points (720)
wherein each node point (720) provides a location where
any power bus node such as (215, 22b, 235, 305, 220) can
be interfaced to the wired communication bus infrastructure
(610) at a node point (720). More specifically the wired
communication bus infrastructure (610) 1s configured to
interconnect each node point (720) with each other node
point (720) with a communication channel. The communi-
cation channel may comprise a pair or pairs of conductive
clements, (620) ¢.g. a positive plate and negative plate, or a
orid of paired wires, or a loop of paired wires, or the like.

In an embodiment power bus inirastructure (510) and
wire communication network (610) of combined power and
communication infrastructure (710) include separate con-
ductive pathways implemented with separate medium, simi-
lar to power bus infrastructure (110) and communication
network (120) of distributed power network (100). In an
embodiment, power bus infrastructure (510) and communi-
cation network (610) are combined using existing technolo-
gies such as power over Ethermnet, Broadband Powerline
Communications, e-textile systems or the like comprising
power and communication busses, or wireless power.

Referring now to FIG. 4, a distributed power network
(405) 1includes multiple universal power nodes (1, 2, 3) each
having 1ts bus power port (315, 325, 32¢) connected to a
combined power bus infrastructure and wired network 1nfra-
structure (4035) at a diflerent node point (410). Umversal
power node (1) imncludes power device port (31a) connected
a power source (450). Universal power node (2) includes
power device port (32a) connected to a power load (455).
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Universal power node (3) includes power device port (33a)
connected to a rechargeable DC battery (460).

When power network (400) 1s configured and operational,
cach umiversal power node (1), (2), and (3) communicates
with each other universal power node 1n a peer-to-peer
network configuration over commumnication network inira-
structure (610). Additionally, each universal power node (1),
(2), and (3) 1s operable to provide power to, or to receive
power from, the power bus architecture (510).

Distributed power network (400) includes multiple power
devices. Fach power node (1), (2) and (3) 1s operably to
communicate with the external power device connected
thereto, to determine power characteristics of the external
power device, to share the power characteristics of the
external power device with other power nodes, to receive
power characteristics of external power devices connected to
every other power node, and to determine an operating mode
for each power node in the distributed power network.
Thereatter 11 all the power nodes are 1n agreement, each
power node 1s operable to configure itself in a desired
operating mode or state and then to connect its external
power device to the power bus infrastructure or disconnect
its external power device from the power bus infrastructure

to distribute power to or recerve power form the power bus
infrastructure.

Power source (450) can include any source of DC power,
for example a solar blanket or fuel cell, a vehicle battery or
the like, a wind, water or mechanical driven power genera-
tor, an AC power grid source driving an external DC power
convertor, or the like as long as the input DC power voltage,
if not compatible with bus voltage, can be converted to a bus
compatible voltage by the DC to DC power converter
operating on node (1). Power load (455) can be connected to
the power bus infrastructure to receive power therefrom as
long as the bus compatible voltage can converted to an
operating voltage of the power load (455) by the output DC
to DC power converter operating on node (2). Typical power
loads (455) include a DC power device such as most
portable devices, computers, audio and telecommunications
equipment, mstruments, medical devices, power tools, DC
lighting, vehicle power loads, or the like.

Battery (460) can be connected to the power bus infra-
structure to receive power therefrom or deliver power
thereto as long as the DC to DC power converter operating,
on node (3) can make the desired DC to DC voltage
conversion to exchange power between the battery and the
power bus infrastructure. The battery (460) 1s a rechargeable
DC battery that can be discharged to the power bus 1nira-
structure as a power source or charged by the power bus
infrastructure when unallocated power 1s available there-
from.

Each universal power node (1), (2), and (3) has a unique
Node ID. In an embodiment, Node ID includes universal
power node serial number. Alternatively, or in addition,
Node ID can include universal power node physical address.

4.4.4 Inmmtializing and Operating a Distributed Power Man-
agement Network Comprising Universal Power Nodes

Referring to FIGS. 2 and 4, an exemplary, non-limiting,
discussion of distributed power network initialization and
operation 1s presented herein below. A distributed power
network comprising power nodes, e.g. distributed power
network (100) or (400), 1s imtially configured by interfacing,
two or more power nodes, e.g., (101), (102), (103), (1), (2),
(3), to a power bus inifrastructure (110) or combined power
and communication architecture (403). The distributed
power nodes do not mitially recetve power from or provide
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power to the power bus architecture (405). The distributed
power nodes are not mitially in communication with each
other.

In the case of the universal power node embodiment (300)
an 1nternal battery (360) 1s usable to power the controller
(330) to preform 1mtializing steps. If no internal battery 1s
provided, the power bus infrastructure (110) may include a
DC battery (180) operating at a bus compatible voltage to
provide mnitial power to connected power nodes to operate
the controllers thereol to establish communications with
other distributed power nodes to detect a heartbeat signal
and to synchronize with the subtasks listed in TABLE 1. In
this case each power node that does not include an internal
battery to power 1ts controller 1s configured to draw power
from the power bus inirastructure to initialize operation of
the power node.

In another operating mode, power sensors (295) are
operable to detect input power available from a connected
external power source or rechargeable DC battery and to use
the available input power to operate the node controller to
establish communications with other distributed power
nodes to detect a heartbeat signal and to synchronize with
the subtasks listed in TABLE 1. When no heartbeat 1s
detected, the node may establish the heartbeat and configure
itself to deliver the available mput power to power bus
infrastructure i an attempt to power other power node
controllers and establish a distributed power network.

In an mitial state of distributed power network (400),
umversal power nodes (1), (2), and (3) are electrically
interfaced to combined power bus architecture (405) but are
not mitially 1n commumcation with each other. Universal
power nodes (1) and (3) may be electrically iterfaced with
external power devices, e.g., power source (4350) and battery
(460) capable of providing power to the power nodes, and
optionally using internal battery power, can each be operated
to communicate with an external power device connected
thereto and determine 1f 1nput power 1s available therefrom
to power the power node without drawing power from the
power bus infrastructure.

It will also be recognized by those skilled 1n the art that,
while the invention has been described above 1n terms of
preferred embodiments, 1t 1s not limited thereto. Various
features and aspects of the above described mvention may
be used individually or jointly. Further, although the inven-
tion has been described in the context of 1ts implementation
in a particular environment, and for particular applications
¢.g. 1n a distributed DC power network, those skilled 1n the
art will recognmize that 1ts usefulness 1s not limited thereto
and that the present invention can be beneficially utilized 1n
any number of environments and implementations where 1t
1s desirable to distribute AC or DC power received from one
Or more power sources to a power bus infrastructure dis-
tributed over a region in order to deliver power to power
loads and rechargeable batteries distributed over the region.
Accordingly, the claims set forth below should be construed
in view of the full breadth and spirit of the invention as
disclosed herein.

What 1s claimed 1s:

1. A power node operable as an electrical interface
between an external power device and a power bus inira-
structure comprising:

a first device port configured to electrically interface with

the power bus infrastructure;

a second device port configured to electrically interface

with the external power device;

a digital data processor and an associated memory mod-

ule:
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a node communication interface module 1n communica-
tion with the digital data processor and with the exter-
nal power device;

a network communication interface module 1n communi-
cation with the digital data processor and with other
power nodes interfaced with the power bus inirastruc-
ture; and

a reconiigurable power channel disposed between the first
device port and the second device port wherein the
reconiigurable power channel comprises: a one-way
DC to DC power converter having an input side for
receiving mput DC power therein and an output side for
distributing output DC power therefrom; and power
channel circuitry comprising a plurality of switches,

wherein the one-way DC to DC power converter and each
of the plurality of switches 1s operable by the digital
data processor to reconfigure the power node to: a)
connect the mput side of the power converter to the first
device port and to connect the output side of the power
converter to the second device port; or b) connect the
input side of the power converter to the second device
port and to connect the output side of the power
converter to the first device port; or ¢) connect the first
device port to the second device port without the
connecting either of the first device port the second
device port to the input side or the output side of
one-way DC to DC power converter.

2. The power node of claim 1 further comprising an
energy management schema operating on the digital data
processor, wherein the energy management schema 1s con-
figured to determine an operating configuration for the
power node.

3. The power node of claam 1 wherein the network
communication interface module 1s configured for wireless
network commumnication with other power nodes electrically
interfaced with the power bus infrastructure.

4. The power node of claiam 1 wherein the network
communication interface module 1s configured for wired
network communication with other power nodes interfaced
with the power bus infrastructure.

5. A method of operating a power node comprising a first
device port electrically mterfaced with a power bus 1inira-
structure and a second device port electrically intertaced
with a first external power device, the method comprising;:

determining, by a digital data processor operating on the
power node, power characteristics of the first external
power device;

determining, by the digital data processor, by communi-
cating with another power node electrically interfaced
with the power bus infrastructure, power characteristics
of a second external power device electrically inter-
faced with the another power node;

executing energy management schema on the digital data
processor to determine by the power node a power
distribution configuration of each of the power node
and the another power node that allows DC power to be
exchanged between the first external power device and
the second external power device.

6. The method of claim 5 wherein the step of determining
the power characteristics of the first and second external
power devices includes characterizing, by the energy man-
agement schema, the external power device as a DC power
load, a DC power source or a rechargeable DC battery.

7. The method of claim 6 further comprising the step of,
when the external power device 1s characterized as a
rechargeable DC battery, determining a state of charge
thereof.
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8. The method of claim 6 wherein the step of determining,
a power distribution configuration of the power node and the
another power node further comprises the steps of:

selecting, by the energy management schema, a DC
power source to electrically interface to the power bus
infrastructure; and

selecting by the energy management schema, a DC power
load to electrically interface to the power bus inira-
structure.

9. The method of claim 8 wherein the DC power source

or the DC power load 1s a rechargeable DC battery.

10. A distributed power network comprising a power bus
infrastructure and a plurality of power nodes electrically
interfaced with the power bus infrastructure further com-
prising;:

a digital data processor and a memory module operating,
on each power node; a first device port included on
cach power node for electrically interfacing with a first
external DC power device;

a second device port included on each power node for
clectrically interfacing with the power bus infrastruc-
ture;

a node communication module included on each power
node operable by the digital data processor to commu-
nicate with the first external DC power device; and

a network communication module included on each
power node operable by the digital data processor to
communicate with one or more second external DC
power devices mterfaced with other of the plurality of
power nodes.

11. The distributed power network of claim 10, wherein

cach of the plurality of power nodes further comprises;

a one-way DC to DC power converter having an input
side for recerving mput DC power therein and an output
side for distributing output DC power therefrom;

power channel circuitry comprising a plurality of
switches;

wherein the one-way DC to DC power converter and each
of the plurality of switches 1s operable by the digital
data processor to reconfigure the power node to:

a) connect the input side of the power converter to the first
device port and to connect the output side of the power
converter to the second device port;

b) connect the mput side of the power converter to the
second device port and to connect the output side of the
power converter to the first device port; or

¢) connect the first device port to the second device port
without the connecting either of the first device port the
second device port to the mput side or the output side
of one-way DC to DC power converter.

12. The distributed power network of claim 11 wherein
the power bus iirastructure 1s mcorporated into a woven
fabric.

13. The distributed power network of claim 12 wherein
cach power node includes a rechargeable DC battery oper-
able to deliver DC power to the power node.

14. The distributed power network of claim 11 wherein

the power bus infrastructure 1s incorporated into man-worn
clement.

15. The distributed power network of claim 11 wherein
the power bus infrastructure extends over a building or a
vehicle.

16. The distributed power network of claim 11 wherein
the power bus infrastructure includes a DC energy source
clectrically interfaced therewith to deliver input DC power
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to power nodes connected to the power bus infrastructure
when no other DC power source 1s available to operate the
power nodes.

17. The distributed power network of claim 11 further
comprising a peak power point tracking module operable to
maximize power amplitude from a DC power source elec-
trically interfaced to the power bus inirastructure.

18. A method for operating a distributed power network
formed by a plurality of power nodes each electrically
interfaced with a power bus infrastructure wherein at least a
portion of the power nodes 1s connected to an external power
device corresponding with the power node, wherein each
power node mcudes a digital data processor, a memory, a
node communication module and a network communication
module comprising the steps of:

operating on the digital data processor of each power node

an energy management schema wherein operating the
energy management schema includes:

determining power characteristics of each external power
device connected to one of the power nodes;
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distributing, over the power network, the power charac-
teristics of each external power device connected to one
of the plurality of power nodes to each of the plurality
of power nodes;

calculating by the digital data processor of each power
node a distributed power network configuration for
exchanging DC power between at least a portion of the
plurality of external power device connected to one of
the plurality of power nodes;

operating, by the digital data processor of each power
node a one-way DC to DC power converter having an

input side for recerving mput DC power therein and an
output side for distributing output DC power therefrom
and a plurality of switches disposed power channel
circuitry provided on each of the plurality of power
nodes to implement the distributed power network
configuration; and

distributing power over the distributed power network
using the calculated distributed power network con-
figuration.
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